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© In order to provide an increased resonant band 
width for an antenna device for vehicles on a ground 
plate (2) having a flat surface a L-shaped radiator 
plate (5) is attached having one leg (5a) of L ar- 
ranged parallel to said ground plate (2) with the 
other leg (5b) being positioned perpendicular to said 
ground plate (2), said radiator plate being disposed 
CN| having a narrow, gap (6g1) between the lower end 
^(5c) of said vertical leg (5b) and the upper surface of 
0)said ground plate; further a sub-radiator element (7) 
CO formed by a L-shaped plate is rigidly mounted on 
'"said ground plate (2) at a position in close proximity 
^to said radiator plate (5) the free ends (5d, 7b) of 
CO said radiator plate (5) and of said sub-radiator eie- 
^ment (7) having a given distance (8g2). 
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WIDE BAND ANTENNA FOR 


Background of the Invention 


Field of the Invention: 

The present invention relates to an antenna to 
be mounted on a travelling equipment such as 
vehicle cr the like. 

Description of the Prior Art: 

The recent development of tele-communication 
technology has significantly promoted the progres- 
sive applications in the fields of wire communica- 
tion and especially radio communication. 

In. mobile radio communication systems being 
able to perform the simultaneous transmission and 
reception of information signals such as a duplex 
communication system in land mobile radio-tele- 
phones and the like, the signals are modulated by 
the use of carriers having different frequencies, 
respectively. The frequencies of the respective car- 
riers for sending and returning signals must be 
separated away from each other sufficiently to pre- 
vent the interference between two carriers. 

Consequently, an antenna mounted on a ve- 
hicle must have its sufficiently widened resonant 
frequency band to contain said two different fre- 
quencies for transmission and reception, and it 
must be smail and low profile. 

In the prior art. the small antenna on the ve- 
hicle »s *recuently in the form of inverted F antenna 
shown in Figure 11, which comprises an L-shaped 
radiator plate 5 having one leg connected elec- 
trically and mechanically with a ground plate 2. To 
take the proper inpedance matching, the antenna is 
fed at a point which is slightly spaced away from 
the ber.t portion of the L-shaped radiator (offset 
feed). 

Such an antenna has only its very narrow band 
width which is in the order of a few percent of the 
carrier frequency. Due to any external factor, thus, 
the resonant frequency of the antenna would be 
frequently shifted to be forced out of the frequency 
bands covering the transmission and reception fre- 
quencies, resulting in interrupted transmission or 
reception. 

Some attempts have been made to overcome 
the above disadvantages in the prior art. One of 
these attempts is that an antenna includes an auxil- 
iary plate (sub-radiator) 1 1 positioned in parallel to 
the radiator 5, as shown in Figure 12. The sub- 
radiator plate 11 is non-feed driven. Another at- 


MOBILE COMMUNICATIONS 

tempt is that an additional plate 7 is positioned 
adjacent to the radiator 5, as shown in Figure 13. 
These improvements are intended to overlap the 
resonant frequency bands produced by both the 
s radiator and the sub-radiator to provide a more 
widened resonant frequency band such that it will 
not be forced away from the transmission and 
reception frequency band due to any external fac- 
tor. 

10 A further attempt has been made that an an- 

tenna includes an impedance compensating ele- 
ment 12 additionally connected with the feed line 
of the antenna to increase the resonant frequency 
band width such that the impedance matching with 

is the feed line is provided (Figure 14). 

However, within the resonant frequency band in 
the prior antenna, a range in which a return loss is 
less than a predetermined voltage standing wave 
ratio (VSWR < 2.0), that is, a range in which the 

20 return loss is less than -lOdb couid not be expected 
over 7% - 9% in the fractional band (Figure 15). 
Thus, it was not believed that the prior art can 
provide any improved antenna system having an 
increased degree of freedom with which the reso- 

25 nant frequency band is sufficiently widened. 

In particular, the two way simultaneous trans- 
mission and reception system for automobiles, 
which is intended by the present invention, has an 
antenna surrounded by various automobile compo- 

30 nents by which the transmission and reception of 
the antenna would be adversely affected. It is 
therefore desired to provide a radio communication 
antenna which has a widened band width with a 
degree of freedom for stabilizing the transmission 

35 and reception even under the above circum- 
stances. 

SUMMARY OF THE INVENTION 

40 

It is therefore an object of the present invention 
to provide a wide band antenna system for mobile 
communications, in which a dual resonant created 

45 by a radiator and a sub-radiator is utilized to pro- 
vide an increased and stabilized resonant frequen- 
cy band such that the transmission and reception 
can be performed more freely and to provide such 
an antenna system which is reduced in size suffi- 

50 ciently to be mounted on an automobile and can 
be manufactured more easily. 

To this end. the present invention provides a 
wide band antenna system for mobile communica- 
tions, comprising a ground plate having a flat sur- 
face, an L-shaped radiator plate having one leg of L 
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arranged parallel to said ground plate with the 
other leg being positioned perpendicular to said 
ground plate, said radiator plate being disposed 
having a gap between the lower end of said vertical 
leg and the upper surface of said ground plate, a 5 
coaxial feed cable for connecting said ground plate 
with an outer conductor and also for connecting an 
inner conductor with substantially the center of said 
vertical leg end of said radiator plate, and an addi- 
tional conductive no-feed element (sub-radiator) 10 
formed by an L-shaped plate rigidly mounted on 
said ground plate at a position in close proximity to 
said radiator plate, said sub-radiator having one leg 
extending parallel to said ground plate with the end 
thereof being spaced away from the end of the /s 
parallel leg of said radiator plate by a given dis- 
tance, the vertical leg of said L-shaped plate having 
the end connected with said ground plate to pro- 
vide an increased band width. 

In such an arrangement, the opened end of the 20 
radiator plate is located opposite to that of the sub- 
radiator with a given spacing therebetween. This is 
intended to utilize the variations of a feed point 
impedance due to a current induced in the sub- 
radiator to provide a very widened frequency band 25 
in which the real part of the impedance can be 
maintained, at the same value as or a value very 
near to the impedance of the feed line (normally 
equal to 50 Ohms) under a resonant condition (or 
when the imaginary part of the impedance is equal 30 
zero). 

In the antenna system of the present invention, 
there is further a given gap between the lower end 
of the radiator plate connected with feed line and 
the upper surface of the ground plate. Such a gap 35 
provides a capacitance functioning to offset a reac- 
tance component corresponding to the imaginary 
part of the impedance of the antenna. When this 
gap was properly regulated, the imaginary part of 
the impedance could be maintained substantially at 40 
zero or a value substantially equal to zero over the 
widened frequency band width. 

Figure 2 shows the relationship between the 
real and imaginary parts of the feed point imped- 
ance of the antenna, relative to a frequency used 45 
by the aforementioned antenna system which is 
constructed according to the present invention. As 
seen from Figure 2, the frequency band matching 
the impedance of the feed line (50 Ohms), that is, 
the resonant frequency band can be increased so 
sufficiently. 

In accordance with the present invention, the 
antenna system can have a widened frequency 
band (resonant frequency band) in which the suffi- 
cient number of different frequency bands can be 55 
included, since the antenna system comprises a 
radiator plate having its opened end opposed to 
the opened end of a sub-radiator element, the 


impedance of the feed point being regulated to 
create a dual resonance by the use of a current 
induced in the sub-radiator element. Accordingly, 
the transmission and reception can be carried out 
satisfactorily even though the antenna is adversely 
affected to* shift the resonant frequency band by 
any external factor. 

Thus, the antenna system of the present inven- 
tion could have a fractional resonant frequency 
band width of 30% or higher which could match 
the impedance in the feed line. 

Furthermore, the antenna system is of a very 
simplified construction and can easily realize a 
matching in a desired ferequency band by modify- 
ing the size and shape of the antenna. 

Therefore, the antenna system may be applied 
to various applications and is optimum for a trans- 
mitter and receiver antenna which is to be mounted 
on any vehicle such as automobile or the like. 

Furthermore, the antenna system of the 
present invention can be reduced in size. In other 
words, the entire antenna system can be reduced 
in size by the fact that a dielectric material is 
interposed between the radiator plate and the 
ground plate and between the sub-radiator element 
and the ground plate. Where the relative dielectric 
constant of the dielectric material used in the an- 
tenna system of the present invention is er, the 
shortening coefficient of wave-length is approxi- 
mately represented by 

1/ y/7T. 

This means that the effective resonant length 
of the antenna can be shortened by using a dielec- 
tric material having its increased relative dielectric 
constant. 

The present invention preferably uses a ma- 
terial having its increased relative dielectric con- 
stant such as epoxy resin, Teflon, glass or the like. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic view showing the 
first embodiment of the present invention. 

Figure 2 is a graph showing the variations of 
real and imaginary parts of the antenna feed point 
impedance relative to various frequencies. 

Figure 3 is a graph showing the return loss 
characteristic of the antenna in the first embodi- 
ment of the present invention. 

Figure 4 is a graph showing the return loss 
characteristic of the antenna in the second embodi- 
ment of the present invention. 

Figure 5 is a schematic view of the third 
embodiment of the present invention. 
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Figure 6 is a schematic view of the fourth 
embodiment of the present invention in which a 
radiator piate is supported by a supporter relative 
to a ground plate. 

Figure 7 is a cross-sectional view of the fifth 
embodiment of the present invention in which a 
radiator plate is spaced away from a ground plate 
by a given gap and rigidly supported on the ground 
plate by means of a molding resin. 

Figure 8 is a schematic view of the sixth 
embodiment of the present invention in which a 
radiator plate and a sub-radiator element are mol- 
ded by a supporter having sloping outer wall faces. 

Figure 9 is a corss-sectional view of the sixth 
embodiment shown in the Fig. 8. 

Figure 10 is a schematic view of the seventh 
embociment of the present invention in which a 
sub-radiatcr element is electrically connected with 
a ground plate through a narrow bridge portion. 

Figures 11, 12. 13 and 14 are schematic 
views shewing various antenna configurations in 
the prior art. 

Figure 15 is a graph showing the variations 
of return loss relative to various frequencies in an 
antenna system constructed according to the prior 
art. 


DETAILED DESCRIPTION OF THE PREFERRED 


EMBODIMENTS 


Referring now to Figure 1 f there is shown an 
antenna 1 for vehicles, which is adapted to be 
mounted on an automobile body and to perform 
the transmission and reception of radio waves be- 
tween the automobile and a radio base station. 

The antenna 1 comprises a ground plate 2 
formed of a flat conductive plate. The ground plate 
2 induces an opening 3 formed therethrough. The 
opening 3 receives an inner conductor (core wire) 
4b of a coaxial feed cable 4 without electrical 
connection while the inner edge of the opening 3 is 
electrically connected with an outer conductor 4a of 
the coaxial cable 4. 

On the ground plate 2 is placed a radiator plate 
5. Tne radiator plate 5 is formed of an L-shaped 
conductive plate with one leg 5a being positioned 
parallel to the ground plate 3. The other or vertival 
.eg 5b of the radiator plate 5 has one edge 5c 
spaced apart from the ground plate 2 by a given 
narrow gap 6 (gi ). The edge 5c of the radiator 
piate 5 is electrically connected substantially at its 
center with the inner conductor 4b of the coaxial 
feed cable 4. 

In order to provide a widened band, a sub- 
radiator element 7 formed of an L-shaped conduc- 
tive piate is mounted on the ground plate in prox- 


imity to the radiator plate 5 with one leg 7a being 
positioned parallel to the ground plate 2. The one 
leg 7a of the sub-radiator element 7 is located 
opposed to the end 5d of the radiator plate 5 with a 

s given gap 8 (g 2 > therebetween. The other or verti- 
cal leg 7c of the sub-radiator element 7 has one 
end 7d connected with the ground plate 2. 

The length Li of the radiator plate 5 measured 
from the feed end 4b of the coaxial cable 4 to the 

w end 5d of the radiator plate 5 is set to be slightly 
larger than one-fourth the wave-length x used here- 
in while the length L 2 of the sub-radiator element 7 
is selected to be slightly smaller than one-fourth 
the wave-length X used herein. 

is Various dimensions of an automobile anntenna 

system designed for 1 G Hz band in accordance 
with the principle of the present invention are as 
follows: 

Length of radiator plate Li = 70 mm; 
20 Width of radiator piate W,, = W< 2 = 50 mm; 
Height of radiator plate Hi = 20 mm; 
Gap between ground plate and radiator plate gi - 
1 mm; 

Length of sub-radiator element L 2 = 45 mm; 
25 Width of sub-radiator element W 2 < = W 22 = 50 
mm; 

Height of sub-radiator element H 2 = 20 mm; and 
Gap between ground plate and sub-radiator ele- 
ment g 2 = 22 mm. 
30 The antenna having the aforementioned dimen- 

sions has return loss characterisitics shown in Fig- 
ure 3. 

From this figure, it can be seen that the frac- 
tional resonant band exceeds 20% in the first em- 
35 bodiment of the present invention. In this connec- 
tion, the fractional resonant band could be inceas- 
ed to 40% if the heights Hi and H 2 of the radiator 
and sub-radiator plates were increased up to 30 
mm respectively. 
40 In the second embodiment, a further increased 

band width can be realized by regulating the widths 
Wm, Wi 2 ; W 2 t, W 22 )of the radiator and sub- 
radiator plates in the antenna system. 

The dimensions of the second embodiment 
4S used to obtain the above advantage is as follows: 
Width of radiator plate W, ■ = 50 mm; 
Width of radiator plate Wi 2 = 20 mm; 
Gap between the sub-radiator element and the 
radiator plate g 2 = 12 mm; and 
so Other dimensions being the same as those of the 
first embodiment. 

The antenna system having the above dimen- 
sions has return loss characteristics shown in Fig- 
ure 4. It can be seen from this figure that the 
55 fractional resonant band becomes 30% or more. 

In such a manner, the first and second embodi- 
ments of the present inventon can provide an an- 
tenna system having an increased degree of free- 
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dom which provide a widened frequency band 
width (resonant frequency band width) by modify- 
ing the size and shape of the antenna. 

Referring now to Figure 5. there is shown in 
the third embodiment providing an antenna system 

1 which is further reduced in size and has an 
increased mechanical strength. 

In the third embodiment, fillers each formed of 
a dielectric material having its good high-frequency 
characteristics, such as Teflon, epoxy resin, glass 
or the like are interposed between the ground plate 

2 and the radiator plate 5 and between the ground 
plate 2 and the sub-radiator element 7. In such a 
case, the Teflon fillers 9 have their relative dielec- 
tric constant er = 2.6. Thus, the size of the entire 
antenna could be reduced up to about 20%. Fur- 
ther, the interposition of the tillers 9 permits the 
antenna system to withstand vibrations from the 
vehicle on which it is mounted. 

Figure 6 shows the fourth embodiment of the 
present invention having a structure similar to that 
of the first embodiment shown in Figure 1 , wherein 
an L-shaped radiator plate 5 is floated above a 
ground plate 2 with a gap 6 (gO formed there- 
between. 

In the fourth embodiment, the radiator plate 5 
has one leg 5a placed on a supporter 20 parallel to 
the ground plate 2. Such an arrangement supports 
the radiator plate 5 above the ground plate 2 while 
maintaining the gap 6 (gO properly. 

The supporter 20 is preferably made of any 
suitable electrically insulating material such as 
foamed styrene or the like. 

Figure 7 shows the fifth embodiment of the 
present invention in which an antenna system 1 is 
mounted within a casing. The casing comprises a 
base plate 21 and a closure 22, both of which are 
made of any suitable electrically insulating material 
such as plastic material or the like. 

A ground plate 2 is rigidly mounted on the 
base plate 21 by any suitable joining means such 
as adhesion or the like. 

The base plate 21 also rigidly supports a co- 
axial cable 4 by clip means such that the coaxial 
cable 4 is introduced into the casing. The coaxial 
cable 4 includes an outer conductor 4a joined to 
the ground plate 2 and an inner conductor 4b 
connected with the vertical leg 5b of an L-shaped 
radiator plate 5 at its edge. 

As seen from Figure 7, an L-shaped sub-radia- 
tor element 7 has its vertical leg 7c rigidly con- 
nected at one end with the ground plate 2 by any 
suitable joining means such as welding or the like. 
On the other hand, a molding resin 24 is charged 
into the casing such that the radiator plate 5 is 
rigidly mounted on the ground plate 2 with a gap 6 
(gi) formed therebetween. The molding resin is 
preferably of foamed styrene or Teflon. 


In the fifth embodiment, the radiator plate 5 
can be properly positioned relative to the ground 
plate 2 with the gap formed therebetween, by the 
use of the molding resin, 
s Figures 8 and 9 show the sixth embodiment of 

the present invention in which an L-shaped radiator 
plate 5 and a similar L-shaped sub-radiator element 
7 are supported on a ground plate 2 by means of 
fillers 9 and further covered by supporter 20 having 
w the shape of a frustum of a pyramid. 

In the embodiment, the fillers are made of 
dielectric material which has good high-frequency 
characteristics. Teflon, epoxy resin or glass are 
preferable to provide such dielectric material. Mol- 
;s ded resin is interposed between the ground plate 2 
and the radiator plate 5 to make a slightly narrow 
channel therebetween for supporting the radiator 
plate 5 in separated disposition above the ground 
plate 2. On the other hand, the sub-radiator ele- 
20 ment 7 is rigidly mounted on the ground plate 2 
with the parallel leg thereof being opposed to the 
parallel leg of the radiator plate 5. The spaced 
room between the sub-radiator 7 and the ground 
plate 2 is then filled with molded resin for increas- 
25 ing the dieletric constant of the sub-radiator. 

The antenna of the embodiment is further mol- 
ded by supporter 20 being made of foamed styren 
for example to solidify the shape of the antenna. 
Molding the supporter 20 provides the external 
jo shape of a frustum of a pyramid to the antenna in 
which the upper surfaces of the radiator plate 5 
and the sub-radiator element 7 are exposed out- 
wardly. Such a frustum of a pyramid shaped sup- 
porter 20 can protect the antenna from collision or 
35 mechanical shock. As shown in figures the molding 
supporter 20 can cover the radiator plate 5 and the 
sub-radiator element 7 except their upper surfaces 
for securely mounting the plate 5 and the element 
7 on the ground plate 2. According to the shape of 
40 a frustum of a pyramid, the supporter 20 has 
sloping outer wall faces on its four sides so as to 
provide the rounding off shape on the outer surface 
thereof. The above mentioned shape is preferable 
to realize a well-formed design for an antenna 
45 equipment being placed on the back seat tray of 
the automobiles. 

Figure 10 shows the seventh embodiment of 
the present invention which is similar to the third 
embodiment shown in Fig. 5. In contrast to the 
so third embodiment, the sub-radiator element 7 of the 
present embodiment has a connecting bridge por- 
tion 7e for making an electrical conductivity be- 
tween the sub-radiator 7 and the ground plate 2 
within a restricted narrow path. Accordingly the 
55 remainder of the end portion 7d of the sub-radiator 
element 7 is kept in electrically insulated relation to 
the ground plate 2. The bridge portion 7e is prefer- 
ably provided on one side of the vertical leg 7c of 


5 


9 


EP 0 332 139 A2 


10 


the sub-radiator element 7. 

By restricting the electrical conductivity path 
between the element 7 and the ground plate 2, 
induced electric current in the element 7 on receiv- 
ing radio waves will make a plurality of current 
pathes shewn I- - U in Fig. 10 since the end of 
the pathes is closed tight to the connecting bridge 
portion 7e. The length of each path is therefore 
different from the other, for instance, path is 
larger than path t 3 and so on. As well known in the 
art, the length of the induced current path will 
define the wavelength of the received radio signals, 
therefore, the different length of the pathes can 
widen the resonant frequency of the sub-radiator 7. 
Accordingly, the seventh embodiment shown in 
Fig. 10 can provide an antenna having a widened 
resonant band width. 

Although the bridge portion 7e of the shown 
embodiment is composed in the projected portion 
from the vertical ieg 7c of the element 7, the bridge 
of this invention can be formed by a solder con- 
ductivity path, a lead wire or the like. 


Claims 

1. An antenna device (1) for vehicles, compris- 
ing a ground plate (2) having a flat surface, a L- 
shaped radiator plate (5) having one leg (5a) of L 
arranged parallel to said ground plate (2) with the 
other leg (5b) being positioned perpendicular to 
said ground plate (2). said radiator plate being 
disposed having a narrow gap (6g1) between the 
lower end (5c) of said vertical leg (5b) and the 
upper surface of said ground plate, a feed coaxial 
cable (A) for connecting said ground plate with an 
outer conductor (4a) and also for connecting an 
inner conductor (4b) with substantially the center of 
said vertical ieg end (5c) of said radiator plate, and 
a sub-radiator element (7) formed by a L-shaped 
plate ngicly mounted on said ground plate (2) at a 
position in close proximity to said radiator plate (5), 
said sub-radiator element (7) having one leg (7a) 
extencing parallel to said ground plate (2) with the 
end (7b) thereof being spaced away from the end 
(5d) of the parallel leg (5a) of said radiator plate (5) 
by a given distance (8g2), the vertical leg (7c) of 
said L-shaped plate (7) having the end (7d) con- 
nected with said ground plate (2) to provide an 
increased resonant band width. 

2. An antenna device as defined in claim 1, 
further ccmprising filler means (24) for surrounding 
said ground plate (2), said radiator plate (5) and 
said sub-radiator element (7), said filler means be- 
ing mace of dielectric material which has good 
high-frequency characteristics. 


3. An antenna device as defined in claim 1. 
wherein filler means (9, 24) at least interposed 
between the ground plate (2) and the radiator plate 
(5) and between the ground plate (2) and the sub- 

s radiator element (7). 

4. An antenna device as defined in claim 3 
wherein said filler means is made of one selected 
from Teflon, epoxy resin or glass. 

5. An antenna device as defined in claim 3, 
io further comprising support means (20) covering the 

part of the outer surfaces of said radiator plate (5) 
and said sub-radiator element (7) for rigidly mount- 
ing said radiator plate and said sub-radiator plate 
on said ground plate (2) 
75 6. An antenna device as defined in claim 5, the 

outer surface of said support means (20) has slop- 
ing outer wall faces for rounding off the outer 

surface thereof. 

7. An antenna device as defined in claim 1. 
20 further comprising support means (20, 24) for rig- 
idly mounting said radiator plate (5) on said ground 
plate (2) with the end of the vertical leg (5b) of said 
radiator plate (5) being floated above said ground 
plate (2) by a given narrow gap (6g1) there- 

25 between, said support means being made of an 
electrically insulating material. 

8. An antenna device as defined in claim 6 or 
7, wherein said support means is made of foamed 
styrene. 

30 9. An antenna device as defined in claim 7. 

wherein said support means (24) includes a mold- 
ing resin which is set to surround said radiator 
plate (5) and said sub-radiator element (7) with said 
radiator plate (5) being spaced away from said 

35 ground plate by said given narrow gap (6g1) 

10. An antenna device as defined in any of 
claims 1 to 9, wherein the length (L: ) of said 
radiator plate (5) is set to be slightly larger than 
one-fourth the wave-length x of a carrier and 

40 wherein the length (L 2 ) of said sub-radiator element 
(7) is set to be slightly smaller than one-fourth the 
wave-length X of the carrier. 

11. An antenna device for vehicles, comprising 
a ground plate (2) having a flat surface, a L-shaped 

45 radiator plate (5) having one leg (5a) of L arranged 
parallel to said ground plate (2) with the other leg 
(5b) being positioned perpendicular to said ground 
plate (2). said radiator plate being disposed having 
a narrow gap (6g1) between the lower end (5c) of 
so said vertical leg (5b) and the upper surface of said 
ground plate, a feed coaxial cable (4) for connect- 
ing said ground plate with an outer conductor (4a) 
and also for connecting an inner conductor (4b) 
with substantially the center of said vertical leg end 
55 (5c) of said radiator plate, and a sub-radiator ele- 
ment (7) formed by a L-shaped plate being dis- 
posed close to said ground plate (2) at a position in 
opposite proximity to said radiator plate (5). said 
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sub-radiator element (7) having one leg (7a) ex- 
tending parallel to said ground plate (2) with the 
end (7b) thereof being spaced away from the end 
(5d) of the parallel leg (5a) of said radiator plate (5) 
by a given distance (8g2), the vertical leg (7c) of s- 
said L-shaped plate (7) having a connecting bridge 
portion (7a) rigidly connected with said ground 
plate (2) at one side of the vertical leg to widen a 
resonant band width. 

12. An antenna device as defined in claim 11, w 
further comprising filler means (9) for surrounding 
said ground plate (2), said radiator plate (5) and 
said sub-radiator element (7), said .filler means be- 
ing made of dielectric material which has good 
high-frequency characteristics; wherein the length is 
(U) of said radiator plate (5) is set to be slightly 
larger than one-fourth the wave-length X of a carrier 
and wherein the length (L a ) of said sub-radiator 
element (7) is set to be slightly smaller than one- 
fourth the wave-length X of the carrier. 20 
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